INTRODUCTION
In studies of the kinetics of gas phase chemical reactions, a number of techniques have been used to measure the concentrations of the various species present in the reaction system. These include, among others, UV resonance absorption 1 , UV resonance fluorescence 2 using discharge lamps and fixed or tunable laser sources, laser magnetic resonance 3 and gas phase electron paramagnetic resonance (EPR)4. Of these various techniques, millimeter-wave spectroscopy5 is most similar to the EPR method. It is, however, significantly more sensitive than the latter, partly because the degeneracy of the observed transitions is not split by a magnetic field and partly because measurements are typically made at a higher frequency than normally employed in an EPR spectrometer.
While it is presently not as sensitive as some of the methods listed above, the microwave absorption technique has the advantage that it is highly specific.
Not only can individual species be identified uniquely, but they can be detected without interference in specific excited vibrational states as well. This specificity is difficult to achieve with the various laser-induced fluorescence methods, especially when applied to the identification of larger polyatomic molecules because the fluorescence spectra of such molecules, if present, tend to be broadband and relatively featureless. Finally, because it is an absorption technique (as opposed to fluorescence), it can be used without extensive calibration procedures to determine the absolute concentration of a particular species.
-2-~ • In the following we present a description of the apparatus used to generate and detect free radicals produced by laser photolysis. We illustrate the method by the detection of SO and CS molecules in various vibrational levels. Finally we apply the method to a measurement of the reaction rate of SO with N0 2 .
I. EXPERIMENTAL APPARATUS
Free radical species were generated by UV laser photolysis of suitable precursors using a Lambda Physik model EMG-101 excimer laser. The laser beam was defocused with the aid of a cylindrical calcium fluoride lens in order to illuminate the spectrometer gas sample cell. The laser was operated with an ArF gas mixture and was able to produce up to 80 mJ of energy per pulse at a wavelength of 193 nm. Pulse rates of up to 30/s were used, although most measurements were made at a rate of 10/s.
The molecular species were detected using a superheterodyne microwave 5pec-trometer employing a tunable Fabry-Perot cavity as a sample cell. The construction of the spectrometer is described elsewhere 6 ,7 in detail and its operation will only be summarized here. Microwave power to operate the spectrometer was provided by a klystron, tunable over a frequency range of 67 to 73 GHz. A portion of the klystron output was converted to 140 GHz by a high efficiency frequency doubler which serves as a source of local oscillator power for a low· noise superheterodyne receiver. The remainder of the 70 GHz power was fed to a second frequency doubler which functions as a signal oscillator source. This doubler was additionally modulated at an IF frequency of 30 MHz to produce sidebands on either side of the 140 GHz frequency.
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The modulated signal oscillator source was fed to a tunable Fabry-Perot transmission cavity which has a sufficiently high quality factor (Q = 73000) to reject all but one of the sideband frequencies. After passing through-the cavity, the microwave signal is detected by the low noise superheterodyne receiver.
The actual microwave frequency of the spectrometer was determined by a frequency synthesizer controlled by a PDP-11/34 computer.
In order to detect the transient gas absorption signals produced by the pho- (a). In order to display the baseline, the transient digitizer was triggered a short time before the firing of the laser (at t = 0). The large pulse at time, t = 0 is due to an electrical disturbance caused by the firing of the laser. As can be seen, the SO signal begins abruptly at a value about 40% of its maximum and then grows exponentially to a final value of about 1.6 mV. . .
Since the absorption coefficients, Yo are well known for most rotational transitions, the measured absorption signal can be used to determine the actual concentration of a given species. For small.concentrations, the voltage change, ~V at the output of the spectrometer 6 is given by
where Vo is the total voltage at the spectrometer output, Vo is the microwave frequency, Q L is the Q of the loaded cavity, c is the velocity of light, n is the filling factor and Co is the fractional concentration of the absorbing species. The molecular concentration, [XJ is then given by
[X] = 3.24x10 13 pC o (2) .
where p is the cell pressure in mTorr and a temperature of 298K is assumed. c. Reaction Rate of SO with N0 2
The rate coefficient at 298 K for the relatively fast reaction SO + N0 2 --) S02 + NO (3 ) has been reported in two recent studies 8 ,15. Since these measurements have 
III. DISCUSSION
A microwave spectrometer system for detecting gaseous molecular species produced by excimer laser photolysis has been described. We have demonstrated its -10- In order that the amplitude of the spectrometer output signal accurately reflect the actual concentration of the species being measured, it is important that the system be in thermal equilibrium. This is, of course, a necessary condition in any measurement in which specific transitions are being probed. On the other hand, the product state distributions immediately following photolysis are definitely not in thermal equilibrium as shown, for example, in studies 13 ,16
of CS 2 andN0 2 photolysis. Therefore, it is necessary to wait until equilibrium is established before making a measurement.
In the case of rotational transitions, the significant relaxation rates in clude 1 ? the rotational-rotational rate, TRR and the rotational-translational rate, TRT • The rate TRR can be inferred directly from a measurement of the linewidth (assuming T1 = T 2 ) of the rotational transitions. For the case of SO reported here, at a pressure of 500 mTorr, the observed linewidth (see Section II,A) is ~v = 2.1x10 6 Hz and the corresponding relaxation rate 1 ? is given by TRR = 1/(2w~v) or ?6x10-8 s, much shorter than the time scale of our observations. TRT is expected 1 ? to be somewhat longer than T RR . However, even if TRT is 1000 times longer than T RR , we would expect the rotational system to be in equi--11-librium with the room temperature Ar bath over our measurement time scale. The vibrational relaxation rate, LVT is of course, much longer than the above rates as evidenced by measurements such as those already presented above.
In summary, the results obtained above have shown that the millimeter-wave spectroscopic technique in combination with laser photolysis merits further investigation as a highly sensitive species probe in kinetics research. Its principal virtues in this respect include its high specificity, non-invasive character, and ability to detect stable reaction products.
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